Abstract -Biopesticides offer a more sustainable solution to pest control than synthetic alternatives. Naturally plant products, called secondary metabolites include thousands of alkaloids, terpenoids, phenolics and minor secondary chemicals. Sophora fl avescens Aiton (Leguminosae) is an ancient Chinese herb that grows wild in China. About two dozen alkaloids have been identifi ed in Ku Shen, with matrine and oxymatrine being the major compounds. Ku Shen extracts have been formulated as pesticides either alone or in mixtures with conventional synthetic pesticides. In this study we have analyzed the probable cytotoxic and genotoxic effects of oxymatrine on plant test system for determining the safety of use as biopesticide. This alkaloid has reduced the mitotic index in Allium root meristem in higher concentrations but hasn't show distinct genotoxic effects. In conclusion oxymatrine can be proposed as safe at this end point for using as biopesticide while the plant physiological system can ruled out certain effects.
INTRODUCTION
Biopesticides offer a more sustainable solution to pest control than synthetic alternatives. Chemical pesticides are withdrawn owing to resistance problems. Biopesticides do not feature residue problems. However, biopesticides are not as effective as chemicals. Compatibility with synthetic pesticides varies, and shelf life is often shorter (COLOMA et al. 2010) . Currently the development of biological or non-chemical pesticides as replacements for conventional pesticides is an important strategy. Hence the plants are a great source for solving this problem. Naturally plant products, called secondary metabolites include thousands of alkaloids, terpenoids, phenolics and minor secondary chemicals.
Sophora fl avescens Aiton (Leguminosae) is an ancient Chinese herb that grows wild in China. The dry root of the plant is commonly called as Ku Shen. About two dozen alkaloids have been identifi ed in Ku Shen, with matrine and oxymatrine being the major compounds (MAO and HENDERSON 2007) . Ku Shen extracts have been formulated as pesticides either alone or in mixtures with conventional synthetic pesticides to manage populations of various insect pests, fungal and bacterial diseases, and nematodes in vegetable, fruit, fl ower, and tea production in China (LOU et al. 1997; ZHENG et al. 2000; FU et al. 2005; MAO and HENDERSON 2007) . It has shown that matrine and oxymatrine has a strong antifeedant effect against Formosan subterranean termite ( MAO and HENDERSON 2007; VERMA et al. 2009 ). In a screening study of Chinese medicinal herbs against two stored-grain insects the methanol extract of Sophora fl avescens has represented contact toxicity and feeding-deterrent activities (LIU et al. 2007) . Honey bees come into contact with various pollutants during their foraging activity and are considered as an environmental indicator of high sensitivity. Honey bees may be constantly exposed to pesticides whenever their colonies are sited in agricultural areas. The result of a study indicates that oxymatrine has weak effects on honey bees in acetylcholinesterase (AChE) and adenosine triphosphatase (ATPase) activities as biochemical indicators (RABEA et al. 2010) .
In this study we have analyzed the probable cytotoxic and genotoxic effects of oxymatrine on plant roots by considering the fi eld applications. Application of a biopesticide on soil or directly on the plant can cause diffuse in plant tissues or organs. In such a case it is important to defi ne the applied compound as safe in plant tissue and cell machineries. Therefore we have planned an Allium test for evaluating cytotoxicity since Allium test fi ts well in a test battery composed of prokaryotes and /or other eukaryotes (FISKESJÖ 1993) .
MATERIALS AND METHODS
Test materials -Oxymatrine were purchased from Shangai Xinma Bio-Tech Co, Ltd., in %98 purity. It was derived from Sophora fl avescens. Onions for Allium test were purchased from commercially available markets.
Preparing of oxymatrine stock solution and concentrations -Stock solution was prepared from 10 g pure oxymatrine by solving it in 1 L water. It has been applied in 3 concentrations (1 g/L, 5 g/L and 10 g/L) in Allium test and the concentrations were prepared by dilution of the stock solution.
Allium test -Allium cepa has been used for evaluating cytotoxic properties since the early 1920's (GRANT 1982) . Small onion bulbs are carefully unscaled and cultivated on top of test tubes fi lled with different concentrations of oxymatrine. Tap water was used as control. The test tubes were kept in an incubator at 24±2 0 C. After 72 h the roots were counted and their lengths were measured for each onion. The emerged roots has been fi xed with glacial acetic acid/ absolute alcohol (1/3 v/v). For evaluation, the root tips were put into aceto-orcein dye. Wellstained root tips were prepared for microscopic observation by squashing on a slide. MI was expressed in terms of divided cells/total cells.
Statistical analysis -A statistical analysis was performed on the collected data by using Graph Pad Prism 5.0. The means of the control and oxymatrine obtained from descriptive analysis and one way ANOVA test has been performed to obtain P values.
Growth inhibition of oxymatrine on Allium roots -After 72 h treatment, root lengths and numbers have been determined for control and for each concentration of oxymatrine. The collected data are presented in Table 1 . Oxymatrine has inhibited the outputs of Allium roots and reduced their growth in concentration dependent manner (Table 1) . Otherwise oxymatrine has stimulated the output and growth of roots in used minimal concentration 1 g/l. But this effect was meaningless statistically (Figure 1a,  1b) . Even so it can be suggested that oxymatrine stimulates the growth of onions in the minimal concentration. Figure 2 the mitotic indexes are presented for control and for treatment concentrations of oxymatrine. It is evident that oxymatrine reduced the mitotic index signifi cantly (Figure 2) . The MI was reduced up to %50 of control. That means oxymatrine has anti-mitotic properties that can stop the mitosis in anywhere of the cell cycle. During the microscopic observations chromosome analysis have been made but the results did not show induction of chromosome or chromatid type of aberration in the treated cells. Only a few changes in cell poles, C-mitosis (colchicine like mitosis) and duplications of chromosomal sets have been observed and the numbers of this were meaningless statistically. 
Cytotoxic and genotoxic effects -In

DISCUSSION
Some secondary metabolites are considered as metabolic waste products, for example, alkaloids may function as nitrogen waste products. However, a signifi cant portion of the products derived from secondary pathways serve either as protective agents against various pathogens (e.g. insects, fungi or bacteria) or growth regulatory molecules (e.g. hormone-like substances that stimulate or inhibit cell division). Due to these physiological functions, secondary metabolites are potential anticancer drugs, since either direct cytotoxicity is affected on cancer cells or the course of tumor development is modulated, and eventually inhibited. Administration of these compounds at low concentrations may be lethal for microorganisms and small animals but in larger organisms they may specifi cally affect the fastest growing tissues (KINTZIOS and BARBERAKI 2004) . Hence in this study the mitotic index has been reduced at %14 levels by cytotoxic effects of oxymatrine (Figure 2) . Reduction in the mitotic activity could be due to inhibition of DNA synthesis or blocking in the G2 phase of the cell cycle, preventing the cell from entering mitosis (TÜRKOĞLU 2008) . Furthermore oxymatrine can affect the cytoskeleton by tubulin polymerization or degradation. Oxymatrine (1 g/l) 10 100 10000 2588
Oxymatrine (5 g/l) 10 100 10000 1787
Oxymatrine (10 g/l) 10 100 10000 1376 The species A. cepa also presents other advantages with suitable chromosomal features; this plant bears large and few chromosomes (2n = 16) what facilitates the evaluation of chromosome damages or disturbances in cell division cycle. This test have proved to be of great value, since combine a high sensibility to detect mutagens in different environments and a great capacity to evaluate distinct genetic endpoints, from point mutations to chromosomal aberrations (LEME and MORALES 2008) . Chromosomal aberrations are changes in chromosome structure resulting from a break or exchange of chromosomal material. Most of the chromosomal aberrations observed in cells are lethal, but there are many corresponding aberrations that are viable and can cause genetic effects, either somatic or inherited (AKINBORO and BAKARE 2007) . My results did not show induction of chromosome or chromatid type of aberration in the treated cells. Only a few changes in cell poles and duplications of chromosomal sets have been observed. C-mitosis indicated that the chemical inhibited spindle formation similar to the effect of colchicine (BADR 1983) , and induction of C-mitosis commonly associated with spindle poisons, indicating turbogenic effect (SHAHIN and EL-AMOODI 1991) . ODEIGAH et al. (1997) describes the presence of Cmitoses as a possibly reversible effect (weak toxic effect). In this study colchicine like mitosis has been observed by microscopic analysis of Allium roots. Data are not given because the number of Cmitosis in this study was not important statistically.
In respect of this results, oxymatrine can stop the mitosis in anywhere of the cell cycle. This endpoint indicates the cytotoxic effects of oxymatrine. This effect is only acceptable for higher concentrations of oxymatrine in laboratory tests, after 72 h direct applications. Otherwise oxymatrine has no distinctive genotoxic effects. If the applied concentrations in the fi eld, degradation of biopesticides in fi eld applications and the intake amounts of the plants from applied substances are considered, oxymatrine can be proposed as safe for using as biopesticide while the plant physiological system can ruled out certain effects.
